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1.1. Inhibitors of plasmepsin I and II
The annual global mortality rate from malaria is 2 mil-
lion people with more than 40% of the worlds popula-
tion at risk from infection. Of the four major species
of malaria parasite, P. falciparum is responsible for more
than 95% of malaria-related morbidity and mortality.
However, P. falciparum is becoming resistant to existing
therapies and there are strains reported to be resistant to
all known anti-malarial therapies. This has been recog-
nised as a major health concern and highlights the
urgent need for new treatment paradigms and new
eﬃcacious drugs to combat the disease.
In the erythrocytic stage of the parasites life cycle, the
parasite invades the hosts red blood cells consuming
up to 80% of their haemoglobin as a nutrient source
for growth and development. Haemoglobin degradation
occurs in an acidic food vacuole of the parasite and
many of the current antimalarial drugs work by disrupt-
ing vacuolar functions. The food vacuole contains
aspartic-, cysteine- and metallo-proteases, all considered
to take part in haemoglobin degradation. Four of the
aspartic proteases have been localised to the parasites
acidic food vacuole, namely plasmepsin I, II, IV, and
HAP, a histo-aspartic protease. Inhibitors of the para-
site cysteine protease falcipain 1–3 and its aspartic pro-
teases plasmepsin I and II, which have all been studied
in detail, have shown eﬃcacy in cell and animal models
of malaria, indicating that these enzymes may be suit-
able targets for drug discovery. A recent study examines
optimisations in the phenyl statine core of inhibitor (i),
which served as a useful starting point towards produc-
tion of novel and improved inhibitors of plasmepsin I
and II.1doi:10.1016/j.comche.2004.09.002
E-mail: nick_terrett@cambridge.pﬁzer.comThe preparation of several small solution-phase and
solid-phase libraries were undertaken to provide SAR
and to optimise for potency. Compounds were screened
in enzyme inhibition assays measuring inhibition of
plasmepsin I and pro-plasmepsin II, and a further assay
was performed on active compounds by screening in a
P. falciparum growth inhibition assay. One of the most
potent compounds identiﬁed was (ii) which revealed
Ki values against plasmepsin I and plasmepsin II of
619 nM and 390 nM, respectively. Furthermore, com-
pound (ii) inhibits parasite growth in red blood cells
with 29% inhibition at a concentration of 5 lM. This
demonstrates that libraries can provide potent inhibitors
of plasmepsin I and II and further work in this area is
justiﬁed.
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1.2. Protease inhibitors
Proteases are important enzyme targets in drug discov-
ery as a consequence of their central roles in disease
processes. Analysis of many crystal structures of aspar-
tic, serine, metallo and cysteine proteases establishes
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mation of inhibitors/substrates. Although most reported
protease inhibitors are conformationally ﬂexible, few
attempts have been made to date to create more con-
strained b-strand mimetics. Instead, most rational de-
sign for proteases begins with derivatising the peptide
substrates to more pharmacologically acceptable non-
peptidic structures using mechanism-, analogue-, and
structure-based approaches.
One problem with optimising enzyme inhibitors in this
way is the highly cooperative (‘‘induced ﬁt’’) nature of
enzyme-inhibitor binding. The resultant shape changes
of adjacent pockets cause knock-on eﬀects collectively
termed co-operativity. Because of this it is normally dif-
ﬁcult to predict accurately how to best optimise one
(ﬂexible) inhibitor region independently from another.
In an attempt to address this, a recent paper demon-
strates the use of constrained cyclic tripeptide mimics,
such as (iii) and (iv), as templates to order the immediate
enzyme environment and so dampen the induced ﬁt
resulting from changes to side chains.2
Macrocycles (iii) and (iv) were designed by the authors
to structurally and functionally mimic P1-P3 or P1 0-
P30 tripeptide segments for HIV-1 protease. These macro-
cycles have advantages over acyclic peptides. They are
preorganised in an extended (protease-binding) confor-
mation in water prior to binding to a protease. This pre-
organisation confers signiﬁcant entropic advantage in
binding. They are also more resistant to proteolytic deg-
radation, thus increasing bioavailability. The use of con-
strained macrocyclic templates equivalent to tripeptides
could allow for regioselective optimisation of protease/
enzyme inhibitors through focused combinatorial librar-
ies, an approach illustrated in this paper for HIV-1 pro-
tease inhibitor design using macrocyclic components
such as (iii) and (iv).
A small solution phase library was synthesised based on
templates (iii) and (iv). N-terminal and C-terminal macro-
cycles were screened in a ﬂuorimetric assay for enzyme
activity against HIV-1 PR (SF2 isolate). Of the com-
pounds screened, one of the most potent was (v) with
a Ki of 0.4 nM against synthetic HIV-1 protease. ThisN
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(v)work has demonstrated that N- and C-terminal macro-
cycles are excellent structural mimics for the respective
N- and C-terminal tripeptide fragments of acyclic pep-
tide inhibitors. For those proteases where crystal struc-
tures are available, this templating approach may help
the exploitation of structure-based design methods.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A facile and traceless solid-phase synthesis of 3,4,6-tri-
substituted-2-pyridones applicable to combinatorial
library synthesis has been developed using polystyrene
sodium benzenesulphinate resin.3
Reactions between resin immobilized 2-formylbenzoic
acids and diﬀerent organometallic reagents (Grignard
reagents, zinc reagents, allyl silanes via Sakurai type
reactions) furnished secondary alcohols which cyclised
depending on the metal counter ion and reaction condi-
tions, forming benzoannelated lactones.4
The parallel solid-phase synthesis of hydrophilic psora-
len analogues, 2-arylamino-6H-pyrano[2,3-f]benzim-
idazole-6-ones (2-arylaminoimidazocoumarins), has
been developed.5
An approach to combine the advantages of random and
of focused combinatorial libraries in pharmaceutical re-
search has been described with the example of a solid
phase synthesis of 2,5-disubstituted thiadiazole ethers.6
Libraries of 3,5,6-substituted 2-pyridone derivatives
have been generated by rapid microwave assisted solu-
tion phase methods using a one-pot, two-step protocol.
The three-component condensation of CH–acidic carbo-
nyl compounds, N,N-dimethylformamide dimethylac-
etal and methylene active nitriles, leads to 2-pyridones
and fused analogues in moderate to good overall yields
and high purities.7
An eﬃcient solid phase synthesis of the pyrrole-based
alkaloids lamellarins Q and O using Merriﬁeld resin
and N-protected methyl 3,4-dibromopyrrole-2-carboxyl-
ate as a scaﬀold has been described.8
The application of a number of Lewis acids as a cleav-
age/deprotection method in the solid-phase synthesis
of organic molecules has been employed to generate sev-
eral analogues, which after puriﬁcation can be submitted
for biological evaluation.9
Modular synthesis and substrate stereocontrol were
combined to furnish a library of 18,000 diverse 1,3-diox-
anes whose distribution in chemical space rivals that of a
reference set of over 2,000 bioactive small molecules.10
2.2. Solution-phase synthesis
A solution phase synthesis strategy has been investi-
gated using 4-tert-butylphenyl group as the tag and a
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graphic support for the isolation of compounds contain-
ing the tag. It was found that compounds containing the
tag have signiﬁcantly longer retention times on the beta-
cyclodextrin column and this method has been applied
to the synthesis of some simple amino acid derivatives.11
The eﬃciency of an Ugi/de-Boc/cyclisation strategy for
construction of heterocyclic compounds has been im-
proved through the incorporation of microwave and
ﬂuorous technologies, and has been shown to be highly
eﬀective for the assembly of diversiﬁed molecules.12
A general three step route to 4-substituted azolidin-2-
ones (GABA lactam analogues) on a soluble high-load-
ing polyglycerol support has been developed and
optimised.13
2.3. Scaﬀolds for combinatorial libraries
The synthesis of enantiopure (R)- and (S)-4-(3-hydroxy-
4,4-dimethyl-2-oxopyrrolidin-1-yl)benzoic acid has been
described and the corresponding supported chiral acryl-
ate derivative has been used as a dienophile in solid
phase asymmetric Diels–Alder reactions with diﬀerent
dienes.14
2.4. Solid-phase supported reagents
Mild deprotection of pinacolyl boronate esters to the
corresponding boronic acids has been achieved in the
presence of excess polystyrene–boronic acid via a trans-
esteriﬁcation process and allows for the cleavage of pin-
acolyl boronate esters in the presence of sensitive
functional groups.15
A versatile method for the synthesis of carbamates from
an in-situ generated polymer-supported chloroformate
resin has been presented. BTC (bis-trichloromethyl car-
bonate) is used as the phosgene equivalent to aﬀord a
supported chloroformate, which, by sequential one-
pot reaction with a variety of alcohols and amines, fur-
nishes the corresponding carbamates in high yields and
purities.16
The synthesis of three bipyridyl-tagged reagents and one
scavenger has been described. Of the three reagents, the
carbodiimide derivative proved to be eﬀective as a cou-
pling reagent for amide formation and the removal of
the coupling side product from the reaction mixture by
complexation onto a Cu-derivatised resin has been suc-
cessfully demonstrated.17
2.5. Novel resins, linkers and techniques
Inorganic solid supports have been shown to be useful
media for the rapid and eﬃcient synthesis of a library
of quinoline-3,4-dicarboximides under microwave
irradiation.18
A protocol for the selective monoacylation of unpro-
tected symmetrical diamines with a resin-bound benzoic
acid has been described.19Kinetic resolution of poly(ethylene glycol)(PEG)-sup-
ported carbonates by porcine pancreas lipase enantio-
selective enzymatic hydrolysis has been discussed.
Hydrolysis of the substrates to give optically active com-
pounds occurs readily, and the separation of the result-
ing alcohols and the remaining substrates is achieved by
an extraction process without laborious column
chromatography.20
A mild and eﬃcient two-step synthesis of a polystyr-
ene thiol resin has been reported. Firstly, a polystyrene
resin was reacted with an activated sulphoxide to
aﬀord the resin bound bis-(2-methoxy-carbonylethyl)-
sulphonium triﬂuoromethanesulphonate. Smooth
b-elimination based dealkylations aﬀorded the poly-
styrene thiol resin with good and controlled
loading.21
N-Allyl substituted 1,5-diphenyl-3-(4-N-methylamino-
phenyl)-2-penten-1,5-dione has been immobilized on a
polystyrene backbone, on the surface of mercaptoprop-
yl-functionalized silica or inside the cavities of zeolite
NaY. These solids, either in suspension or in ﬁlms, act
as chemosensors of Fe3+ and other strong Lewis acid
metal ions such as Cu2+ and Pb2+ in buﬀered water or
ethanol.22
The synthesis of a polymer-supported N-hydroxyph-
thalimide has been described used to prepare complex
alkoxyamines exhibiting both stereochemical and posi-
tional diversity.23
Peptide nucleic acids (PNAs) have been used to encode
a combinatorial library whereby each compound is
labelled with a PNA tag which reﬂects its synthetic his-
tory and localizes the compound upon hybridization to
an oligonucleotide array. This approach has been
used for a 4000 member PNA-encoded library targeted
towards cysteine protease.24
A large and diverse library of a TAC-based tripodal syn-
thetic receptor library has been prepared by split-mix
synthesis on the solid phase. Each receptor of the
46,656-member TAC-based library is attached to a solid
support bead and contains three diﬀerent dipeptide
arms.25
An Ultraresin, that combines low swelling with high
mechanical stability, has been prepared from highly
branched polyethylene imine (Mn = 10,000) via reduc-
tive cross-linking with terephthaldialdehyde. Following
quaternisation with methyl iodide, and anion exchange,
polycationic Ultraresins carrying borohydride and per-
iodate were generated and were investigated as very high
loading polymer reagents.26
1,3-Dipolar cycloaddition has been used for the synthe-
sis of a highly practical REM resin. Exploiting this
approach, the resulting triazolylmethyl acrylate
(TMA) resin was used for an eﬃcient parallel synthesis
of tertiary amines by Michael addition, subsequent
quaternisation and cleavage by means of b-
elimination.27
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available to detect and monitor proteolytic activity,
and to enhance ﬂuorescent signals and hence assay sen-
sitivity, two diﬀerent systems were developed using two
diﬀerent dendrimeric constructs.28
2.6. Library applications
A library of 16 chiral tropos phosphorus-ligands, based
on a chiral P-bound alcohol or secondary amine and a
ﬂexible (tropos) P-bound biphenol unit, have been syn-
thesised. This ligand library allowed the screening of
16 homocombinations and 115 heterocombinations for
the rhodium catalysed asymmetric hydrogenation of
methyl N-acetamido acrylate resulting in the identiﬁca-
tion of a phosphite/phosphoramidite heterocombina-
tion, which proved to be extremely eﬀective and
enantioselective.29
The combinatorial solid phase synthesis of diverse
amino acid or peptide conjugates of a polyfunctional
glucose scaﬀold based on a set of selectively removable
and orthogonally stable protecting groups has been
described. The resulting carbohydrate-peptide hybrids
constitute potential turn mimetics.30
As a result of a hit-to-lead program using solution-phase
parallel synthesis, a highly potent compound that exhib-
ited selective cytotoxicity against a tumorigenic cell line
was identiﬁed.31
Synthesis of a new family of quinolylhydrazone deriva-
tives and evaluation of their activity against a chloro-
quine-resistant strain of Plasmodium falciparum has
been described.32
A library of compounds targeted to the vasopressin/oxy-
tocin family of receptors has been screened for activity
at a cloned human oxytocin receptor using a reporter
gene assay, and has resulted in the discovery of a non-
peptide, low molecular weight agonist.33
A high-throughput screen has been performed in order
to identify chemotypes that are bound by the melanin
concentrating hormone receptor-1 (MCHr1) resulting
in a compound optimised using a parallel and auto-
mated procedure.34
Three series of thymine-derived carboxamides have been
prepared by a solution-phase parallel synthesis method
and tested against TK-2 and related enzymes.35
The design and parallel synthesis of a combinatorial
library of small molecules, which target the FtsZ binding
area on ZipA have been described, and compounds were
demonstrated that bind to the FtsZ binding domain of
ZipA and inhibit cell division in a cell elongation
assay.36
A triazine-based combinatorial library of small
molecules has been screened in albino murine
melanocytes to identify compounds that induce
pigmentation.37References
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